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ABSTRACT 
A l a b o r a t o r y  hardware-based s a t e l l i t e  communication system s i m u l a t o r  has 
been used t o  measure t h e  e f f e c t s  o f  t r a n s m i t t e d  s i g n a l  power changes on t h e  
performance o f  a Ka-band system. Such power changes can be used t o  compensate 
f o r  s i g n a l  fade due t o  r a i n  a t t e n u a t i o n .  T h i s  paper p resen ts  and d iscusses 
t h e  r e s u l t s  o f  t h e s e  measurements. 
INTRODUCTION 
Among t h e  problems assoc ia ted  w i t h  Ka-band s a t e l l i t e  communications 
systems a r e  t h e  e f f e c t s  o f  s i g n a l  fad ing,  p r i m a r i l y  due t o  r a i n  a t t e n u a t i o n .  
One p o s s i b l e  s o l u t i o n  t o  t h i s  problem i s  t o  o f f s e t  t h e  f a d i n g  by t e m p o r a r i l y  
i n c r e a s i n g  t h e  t r a n s m i t t e d  s i g n a l  power. The e f f e c t s  o f  these power l e v e l  
changes on t h e  t r a n s m i s s i o n  q u a l i t y  o f  t h e  system must be understood i n  o r d e r  
t o  implement such a system. 
W i t h  t h i s  i n  mind, a s e r i e s  o f  t e s t s  was conducted a t  N A S A ' s  Lewis 
Research Center t o  determine t h e  e f f e c t s  o f  v a r y i n g  t h e  t r a n s m i t t e d  power 
l e v e l  on t h e  system performance. Using a hardware-based system s i m u l a t i n g  an 
end-to-end s a t e l l i t e  communications l i n k ,  t ransmiss ion  t e s t s  were performed 
w h i l e  v a r y i n g  t h e  s a t e l l i t e  downl ink o u t p u t  power between t h r e e  d i f f e r e n t  
power l e v e l s .  To implement these power l e v e l  changes, an exper imen ta l  17.7 t o  
20.2 GHz multi-power-mode t r a v e l i n g  wave tube  a m p l i f i e r  (TWTA) was used as t h e  
s a t e l l i t e  down l ink  h i g h  power a m p l i f i e r .  
d i g i t a l l y  modulated s i g n a l s ,  w h i l e  va ry ing  t h e  a m p l i f i e r  d r i v e  l e v e l s  and 
Tests  w e r e  conducted u s i n g  CW and 
o t h e r  system parameters. 
d iscussed below. 
The r e s u l t s  o f  t hese  t e s t s  a r e  presented and 
TEST SYSTEM DESCRIPTION 
The c r i t i c a l  elements o f  a Ka-band TDMA s a t e l l i t e  communications system 
have been developed under NASA-sponsored technology programs. 
components, i n t e g r a t e d  w i t h  microwave and d i g i t a l  systems designed and b u i l t  
in-house, f 0 rm.a  f l e x i b l e  s a t e l l i t e  communications l i n k  s i m u l a t o r ,  shown i n  
F ig .  1. A h e l i x - t y p e  TWTA w i t h  anode v o l t a g e  c o n t r o l  g i v e s  t h e  s i m u l a t o r  i t s  
multi-power-mode c a p a b i l i t y .  An assoc ia ted  power processor  u n i t  a d j u s t s  t h e  
anode v o l t a g e  t o  one o f  t h r e e  s e t t i n g s  t o  a l l o w  o p e r a t i o n  i n  t h r e e  d i s t i n c t  
power modes. 
These 
Opera t i ona l  d a t a  f o r  t h e  TWTA i s  g i v e n  i n  Table I .  
The o u t p u t  of  the d i g i t a l  da ta  t r a n s m i s s i o n  t e s t s  i s  a measurement o f  t h e  
system b i t  e r r o r  r a t e  (BER) as a f u n c t i o n  o f  rece ived  s i g n a l  t o  n o i s e  r a t i o  
(Eb/No). 
minimum-shi f t -keyed (SMSK) f o rma t  and t r a n s m i t t e d  th rough  t h e  system over  a 
330 MHz b a n d l i m i t e d  channel .  A c a l i b r a t e d  amount o f  n o i s e  was i n t r o d u c e d  i n t o  
t h e  downl ink s i g n a l  p a t h  t o  achieve a range o f  values f o r  Eb/No. The s i g n a l  
was demodulated and t h e  rece ived  b i t s  checked a g a i n s t  a s t o r e d  r e p l i c a  o f  t h e  
o r i g i n a l  da ta .  A BER versus Eb/No comparison was then obta ined.  
Pseudorandom da ta  a t  220 Mbps was modulated u s i n g  a s e r i a l  
TEST RESULTS 
End-to-end system BER measurements were performed f o r  each o f  t h e  t h r e e  
Three power modes w h i l e  v a r y i n g  t h e  frequency and t h e  TWTA o p e r a t i n g  p o i n t .  
f requency bands ( F i g .  2 ) ,  hav ing  d i f f e r e n t  t r a n s m i s s i o n  c h a r a c t e r i s t i c s ,  w e r e  
used f o r  t e s t i n g .  The TWTA o p e r a t i n g  p o i n t  was v a r i e d  between l i n e a r ,  1 dB 
compression, and s a t u r a t i o n .  Ampl i tude and group de lay  response, AM/PM 
convers ion,  t h i r d  o rde r  i n t e r m o d u l a t i o n ,  and system n o i s e  o u t p u t  were 
i n v e s t i g a t e d  f o r  each of t h e  system v a r i a t i o n s  desc r lbed  above. An 
examlnat ion was made of t h e  system BER performance v a r i a t i o n  due t o  t h e  
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changes i n  power mode. 
o p e r a t i n g  p o i n t s  on d i g i t a l  d a t a  t ransmiss ion  were a l s o  examined. 
The e f f e c t s  of  t h e  t ransmiss ion  d i s t o r t i o n s  and TWTA 
The r e s u l t s  o f  t h e  BER measurements a r e  summarized i n  Table 11. The 
a d d i t i o n a l  Eb/No r e q u i r e d  t o  m a i n t a i n  a BER o f  5x10-', as compared t o  t h e  
t h e o r e t i c a l  SMSK curve,  1 s  g i v e n  f o r  each o f  t h e  system c o n f i g u r a t i o n s  
ment ioned above. The l a s t  column i n  the  t a b l e ,  showing t h e  maximum d e v i a t i o n  
o f  Eb/No between modes f o r  a g i v e n  opera t i ng  p o i n t  and f requency band, i s  o f  
p r imary  i n t e r e s t .  
For two cases (Band B a t  s a t u r a t i o n  and a t  1 dB compression),  t h e r e  was 
For t h e  o t h e r  cases n e g l i g i b l e  d e v i a t i o n  i n  t h e  measured BER between modes. 
t h e  d e v i a t i o n  ranges f r o m  0.54  t o  1 . 7 2  dB. T h i s  can be a t t r i b u t e d  t o  t h e  
v a r i a t i o n  between power modes o f  measured system d i s t o r t i o n s ,  which were 
observed t o  be g r e a t e r  t han  t h e  v a r i a t i o n s  f o r  t h e  two cases where t h e  
d e v i a t i o n  between modes i s  n e g l i g i b l e .  F igu res  3 and 4 show t h e  r e s u l t s  o f  t h e  
> 
BER measurements o f  t h e  TWTA a t  s a t u r a t i o n ,  f o r  bands B and C ,  r e s p e c t i v e l y .  
I n  Table 111, a comparison was made o f  t h e  measured d i s t o r t i o n s  between 
f requency bands w i t h  t h e  TWTA a t  s a t u r a t i o n .  
f requency bands were g r e a t e r  f o r  bands A and C,  cor responding t o  t h e  l a r g e r  BER 
degradat ions observed i n  these bands. I n  p a r t i c u l a r ,  t h e  amp l i t ude  v a r i a t i o n  
and AM/PM convers ion  appear t o  g r e a t l y  i n f l u e n c e  t h e  BER performance. 
Table 111 shows t h a t  bands A and C which have s i g n i f i c a n t  t r a n s m i s s i o n  
d i s t o r t i o n s  have g r e a t e r  v a r i a t i o n  I n  b o t h  measured d i s t o r t i o n  and BER 
performance than  band B, whlch has r e l a t i v e l y  low d l s t o r t i o n .  The r e s u l t  i s  
t h a t  system power l e v e l  changes can be implemented w i t h  n e g l i g i b l e  change i n  
BER performance when t h e  channel t ransmiss ion  d i s t o r t i o n s  a r e  sma l l .  When such 
d i s t o r t i o n s  a r e  l a r g e ,  t h e  BER performance v a r i e s  s l g n i f i c a n t l y  f rom mode t o  
mode. 
I n  genera l ,  d i s t o r t i o n s  between 
3 
Further evidence of the effects of the system amplitude response on BER 
performance i s  given In Fig. 5. 
is plotted In Fig. 5(a) (for the TWTA in the medium power mode at the 1 dB 
compression point). The corresponding BER curves are shown in Fig. 5(b). In 
most of the cases tested, it was observed that a flatter amplitude response 
resulted In a better BER performance. 
The amplitude response for the three bands 
It is significant to mention that i n  all cases observed, the system BER 
The amplitude response at performance was best with the TWTA at saturation. 
the the three operating points for frequency band C is shown i n  Fig. 6(a) (with 
the TWTA i n  the medium power mode). 
Fig. 6(b). 
with the TWTA operating in l-dB compression and in the linear region. Table 
IV, comparing the CW and digital transmission data for frequency bands A, 8, 
and C, shows the performance improvement at saturation for all three bands. 
The correspondlng BER curves are shown i n  
Note that for a given Eb/No, the bit-error rate further increases 
The 
with var 
var i ab1 e 
CONCLUSION 
results of measurements on a Ka-band 
able transmitted signal power capabi 
power capability, implemented with a 
useful in compensating for rain attenuation. 
communications system simulator 
ity have been presented. This 
multi-power-mode TWTA, can be 
It was shown that these signal 
power level changes can be implemented without degradation o f  bit error rate 
when other transmission distortions are small. When transmission distortions 
are large, signlficant variations in bit error rate occur between power modes. 
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TABLE I. - TWTA OPERATIONAL DATA 
[ F  = 16.5 GHz a t  s a t u r a t i o n . ]  
TWTA 
mod e 
Low 
Med i um 
H i g h  
Beam 
c u r r e n t ,  
mA 
22.5 
42.3 
57.9 
I I 
TABLE 11. - Eb/No DEGRADATION (dB) FROM IDEAL AT 
B I T  ERROR RATE OF 5 ~ 1 0 - ~  
Frequency 
band 
O p e r a t i n g  Low 
p o i n t  1 mode 
Sat  u r a t  i on 
1 dB Cornpression 
L i  near  
S a t u r a t i o n  
1 dB Compression 
L i n e a r  
S a t u r a t i o n  
1 dB Compression 
L i n e a r  
Medlum H igh  
mode mode 
' 
1.35 1.99 
1.90 2.75 
2.04 3.41 
.93 1.06 
1.52 1.63 
1.76 2.16 
2.02 1.70 
3.85 3.05 
4.47 3.93 
1.23 
1.48 
1.69 
-99 
1.57 
1.46 
2.46 
3.32 
4.46 
Eb/No 
between 
mod e s 
.ll 
.70 
.76 
.80 
.54 
\R THREE FREQUENCY BANDS AT SATURATION 
AM/?M 
deg/dB 
5.29 
5.19 
4.56 
2.93 
1.06 
2.51 
5.39 
5.27 
5.31 
3 r d  Order 
i n t ermodc 
6.6 
8.4 
8.7 
8.3 
5.9 
7.4 
9.1 
10.0 
8.3 
System 
n o i s e d  
-59.7 
-57.9 
-56.6 
-62.5 
-64.5 
-61.3 
-67.4 
-61.3 
-61.5 
Eb/Noe 
1.23 
1.35 
1.99 
.99 
.93 
1.06 
2.46 
2.02 
1.70 
TABLE I V .  - COMPARISON OF CW AN0 DIGITAL TRANSMISSION DATA 
Group 
d e l a y  
( b )  
( a )  Cornparison f o r  f requency  band A 
AM/PM 
deg/dB 
Power 
mod e 
Low 
Low 
Low 
Med 
Med 
Med 
H i g h  
H i g h  
H i g h  
3 r d  Order  
i n t e r m o d  
( c )  
Low 
Low 
Low 
Med 
Med 
Med 
H i g h  
H i g h  
H i g h  
System 
n o i s e  
( d )  
Low 
Low 
Low 
Med 
Med 
Med 
H i g h  
H i g h  
H i g h  
l p e r a t i  ng 
p o i n t  
Sat  
1 dB 
L i  n 
Sat  
1 dB 
L i  n 
Sat  
1 dB 
L i  n 
Sat  
1 dB 
L i  n 
Sat  
1 dB 
L i  n 
Sat  
1 dB 
L i  n 
Sat  
1 dB 
L i  n 
Sat  
1 dB 
L i  n 
Sat  
1 dB 
L i  n 
Amp1 i t u d e  
v a r i a t i o n  
( a )  
1.40 
1.90 
2.34 
2.90 
5.02 
3.84 
3.44 
2.70 
6.38 
( b )  Comparison f o r  f requency  band B 
1.44  1.79 
2.46 2.00 
3.54 1.24 
1.72 2.11 
1 .78  1.84 
3.38 1.62 
1.90 2.33 
2.44 1.87 
3.02 2.66 
2.93 
2.77 
1.83 
1.06 
3.64 
.61 
2.51 
2.55 
1.79 
8.3 
13.7 
23.5 
5.9 
12.3 
25.4 
7.4 
13.4 
28.0 
( c )  Comparison f o r  f requency  band C 
7.00 
7.22 
2.55 
3.71 
3.71 
2.96 
4.51 
8.51 
3.20 
5.64 
9.67 
5.39 
5.31 
5.31 
5.27 
5.16 
3.40 
5.64 
4.87 
3.31 
9.1 
9.7 
28.9 
10.0 
10.8 
21.2 
8.3 
12.1 
24.1 
-62.5 
-67.7 
-67.6 
-64.5 
-65.9 
-64.6 
-61.3 
-64.6 
-63.6 
-67.4 
-65.5 
-67.4 
-61.3 
-61.3 
-63.3 
-65.9 
-61.5 
-68.7 
Eb/No 
( e )  
1.23 
1.48 
1.69 
1.35 
1.90 
2.04 
1.95 
2.75 
3.41 
* 99 
1.57 
1.46 
.93 
1.52 
1.76 
1.06 
1.63 
2.16 
2.46 
3.32 
4.46 
2.02 
2.02 
4.47 
1.70 
3.05 
3.93 
aLargest  peak-to-peak a m p l i t u d e  v a r i a t i o n  o v e r  330 MHz band ( i n  dB). 
bLargest  peak-to-peak group d e l a y  v a r i a t i o n  o v e r  330 MHz band ( i n  
nanoseconds). 
CLevel o f  h i g h e s t  t h i r d  o r d e r  i n t e r m o d u l a t i o n  p r o d u c t s  produced f rom 
t w o  CW s i g n a l s  spaced a t  Fo t25  MHz and Fo-25 MHz ( i n  dB be low t h e  
fundamental C W  s i g n a l s ) .  
d B a n d - l i m i t e d  n o i s e  power measured a t  t h e  demodu la to r  i n p u t  w i t h  no 
s j g n a l  p r e s e n t  and no d o w n l i n k  n o i s e  added ( i n  dBm). 
eAdd i t Iona1 Eb/No r e q u i r e d  t o  m a i n t a i n  a b i t  e r r o r  r a t e  o f  5 ~ 1 0 - ~ ,  
as measured f rom t h e  t h e o r e t i c a l  b i t  e r r o r  r a t e  c u r v e  ( i n  dB). 
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